Yo WAD ol [ ot Jw [ ©F @olin cwiigeo (galxo

33T b g2 Ll g 48 (S 393 )19 it (S 33w (T & o

Yoo . k3 .
ﬁm&'ﬁ]&-”f-‘ ¢ ‘53.‘)_:9 olo).e,o

oS>

S (g0 H3es Cewdimly @ (S5 o) e 090 3l bt 9 (Seid Slge adLdek (Jgene Loy IS
Sl oty glaojle 4 g 0og S bazme p le GlST e b pleojle (S log) e e
O N S E PN U PUVEP- SO O U FP ROV V-G SO I VTV W= KN [ RETEQRE
lzunld Slolis 51 e daml jo ol co pabdeas o ol sl b dnlio g l3T b, ol i b Siw g5 ,lo
S e Vg (Kowysi sy BliSie (6 iged A cpslate (nl (6l sl 00l 00ls dnsi dm (e (ogee 5 aball) g
B sy Op3a ya 1D 5 IV AND g gl 5 oy (Job 4 B alBalojl b 505 o 0 paldeki e
= ol cad g CawdVb o pllas (5 o5l (s ol Gos awdVl Gos 0y | g (6 aels gl lpdole;] .8 ,F
Lty b oy Sl g SVl (5 agly Gial38l b owoliT b dals jo oS wiols lis guls .axd 5 alol s
Gl 5y 535 2l Sk dlas s ojlal GBI L izeen il oo (ol 0y a0 5 SRR Sy 535 (2l Sl 0ges
S 03 0 s GeedS Slp by @SS S0 sl il 4 az g b el aboe IR o p g

Sl o &1 /AY (YL S b S5 o s

N B N N N e R . T U3\

mehrdadkheiraey@gmail.comfial o) oz sug olKiils ST slaojle wi )l cwlid IS goamiils ‘

sl o yoz datd oSl T sloojlus 05,8 olial |



13T By Ll 53 (Ko yg5 510 s G 3y yaw 1T 0,5 hos

\44

aS oSl eols ylis LasT s .ol ools sl (ppuad
b e glay | ralS cel canoVl ol ol
SalS amye gz bl las pals ol plo (ol
2 S Olalllas i aibo by 6 od oy
45 oo plonil sl & 50 (S5 slog )y 390
o L8, 5l 2S5 w CawndWh 0 Gl > Ges
S35 3l ) e e (by> (VAAY) 55wl e
Jolts el (4> bl 90 (sl (Sloj Ko 0
syl 8 aalllas 0)50 i g9, 5l JoS 5 25> o,
ady Jolo 5l by 438 cad aS oly lid 00 el gl
B /V0 sogazms 50 1 59, 5l by 435 4 lo g K
PEtalojl 5 b Oy | (Siwesld 6wy
2 Sy (el planil b ools 18 addllass ) ge
oy e Gl 3l eals SSIESG Gl 9550
30 ol Bee aile lgmiul 8 Al ony a5 Wis S
OhLSen 5 9-Semee 0Bl 2y Jobo wslo K
Ok ¢ a1y pBRale] Sldlas (V-4 V)
o3l g p > Ol s aS asols s sl slwazsl
Jlis baos )3 by g (ol Dbz G 25
rfio e pwds b, bglaz (pimen g w0og e
ol aa sl Gl,s (Ve A) o Lsen g o3 iad o0
Ll anl o0 SO S 5o slop S aniy S GlLbl
L asiges ¥ Lgsl asols 1,8 aalllass g0 of51 L >
S8 aalllaed g0 |y 3o ,0 TV o ¥F/A o slplslss
6 4l Jodxie sloojle (gl as wisls Lis g ools
ol seme Jdoan wwoiml a0 25z
3,5 o)Ll (Voo 7) puilardgdi oo Vsl 32w (49
S35 9 Gy J=1 5D (i Gl o (2S00l &S
(F3=30 9 Lol 48,5 ), B A 2030 90 20T e
Sladllas 6 alex sl all oo oo | ladllas &l o))
4o by (K)o 2w 9y 2 0Lz & A 5o
aJlas Q_.».l RN ral.} ngssa YVe) dooo 5 =LL3..»5
Voo i (S ) 6 48ges Vool b
M&Mﬂ&oé‘ﬁmmowl{&ﬁ)ﬂdbw
“"—‘LQ")Q 9 o_\..»w‘.)f ‘;.*u)y )a)).w Q)S.Lo.c axJUas

EPRVTS

O35 e Stz pten ol slooslo alesl oy o
2 ol 6 o g rSoil g ol gl i (by>
2 1y g s il o Loailog, 5 6Ll sl
ad 5 6 a5 4 sioe Wil gl culies Ll
5 lomlo gl oy ity 4 sy poeaiile <ol g 5
o3lj ielsal 5 (—iad) 3,5 foands g IS o )y
s So3hl sl Vgans 525 ad glaj s 51OV YAY)
Sy S5 g0 o3liinl Slg) sla s 0 o5 sl 0wy
Froglde g yiaSxie 525 ad Glaj )y ) Cons 2
22l s o 5 6 Soslasl gl Wil 5l g 00
Elasl 5l (S5 00,5 e ool ul Laaslsog, g Lo,y
el Glcad) cual ST glag )y il slon )
s adbie 5l 6 pSsla )3 IS cord ) j CewdVL it
o 9l oo 9925 4 g 4 oy y0 45 O] S
1y solej @il asilgs oo g sy (nl (izmen ool
oolit ol LB sla g o5 sloons (sl 5w Joos
5 oacsarslo i 5l gy ol Ygane sl oo
Sl sy 0jgyal Lal tadl (o p3U3585 (6 &0y sl
Wl oo e S nl Jdoar (o (5)95 5l et
T S Sk 1) el 5 (b slagls
5 Smd dlge ol CodS il rioren Wgh e 03l
wialys gudes cll> a0 T g leo olge asile oloows
9 03,5 Jiie Cusdmly 4 n3ydshl 6 Ay 3,k
Plas ag 5w iy o sabaslil slpis &
lae g )3 35290 Sl L el (Sonin; o0
Sty AS1y (nl 955 I olse g @y sl (S
Ol e o I (LBU (polse izen 5 (oliend
Sl 5 A eel a5 ) pe (S llas o
5 aial 5 (2os gl lebe 00,5 (o0 JT 0I5
Oemiz el ol basil o OB By (59 B>
oyl e g oLl p9y Ly 5,55k 2 odle ool
il oo T s Castie S5 gl

L bz Clogas s ans) ;o ol Slllhae (55
o plonl (e o) pw (5399 A il gl
oSl 5 Flo (¥ e+ 8) ) Kot g WS alaz;l e
A5y ST ¥ gylS —ulisS 5 bl () A4Y)
1 Slallas T+ ) sy g oyl <V 3A)



vy

WAD ol [ ot Jw [ ©F @olin cwiigeo (galxo

[T s, 3l eolasl 5 (golnsl Jddos g, 51 oolazl
Sl G oo dar g (Slemial B oo,
5 (S XL 3l oolainl b pdibdss) aalls g diges
YoV by, &5 dn e a4 (S5 slo diges

50 00 Cl):}d;...u‘

h Y
C, f(g,We,Re,a,,B) ™

Co = (-1, n We,Re,a, ) ®
L, P

2ol s, sae RE 5 g sae We Lyl a5
o=y il e (N 6 F0510l Joee) 55,5 0 sVl
e $9) Ok Gee & (nl 4 az g b Baio
ool 0als A B o g dae jlall oo o ile T
Sy eVl 5o oz &5 Gl 4 az g bigiaen
el 0als L5 B o jalgn ;) sae jhall oo pbdle
52 Joo (&

Job 4 (B ls 4l 505 o 50 Geiod cnl sletales]
oBislejl 50 yio /0 5 /Y VO c i a glas | g oye
pole (smaitee 0aSiils (Sgyien 5 (Supd sladises
Gl al el gleal e ol oBasls O
S35 2 e Do Gg8le gimoss 5l od (5 xS o3ll
<l e glis)| calB jsliieds g waeli (5355 5 )
S0 b 59, e ClhGes 5l 33,50 Sletend 5o
OlydS (gwyp e & pizred 05 oeolitl
s 3wl Gletalol o Ol mhaw # e
S8le s 5l eolaiwl b e ool oolinl  swlSe
cawdVb ol b ol 5 o mlaw &0 digitizer
© adlls o il oad gyl LuSe 55, 3l sy
oz 5l pdlsa s e e (g diged V0l
dlio jslatody o Kinwyg8 2o b JBLe (DS oSy
il (K58 51 cod oy § g A g @l s
S Sl e ot (1) 5 (V) JS5 ol o
S S el Sl g pdil3ed o ot
(omimed 15 oo lis |y Liolesl jo sadeslaiul
sdiges 4 b glaz! sl 5w Sledlbl
FB o S5 .0l ongo,S &l (V) Jgoz o sndaizle

S5l Ll 0 oy cnl (5 0 (Gt 1y (il
R 43|)| B s g

I s oy 2l 08 lee s Gz (nl 5l o
(Vb Glo—t LB byl i o Sy
Oeizmed 9 e (s 9 CandVl oS 5 s ol
L emeion ol o il e cilizes gumails b ol
5 ol Jodod loolattul 5 calisee sleaminl $ Loy
Sl iy, (o eé s3laly Sl eolal (izren
el ool &Sl oll by dasl Ll j0 00y o

ledgy g 390

Solbat o (A

cbs a ol (gdow ol Blasl & Sbcwss jslaiea
S Ol Selgyad  aS (goasie Sl
L 5 o placdl Al e e S
Ser 09 Sleminl B Joll IS slabal) ool el
50 LetalosT ol jo 350 slemuwl b sl oozl ,5eiul
5 0ly b e 0as, S ALl (V) g alal,
S )3 5oy €95 0l 50 (2l 5 (o Slezinsl B
Sl 00l oaly isles (V)

f(hL,.PQg004GC,.d,a,0=0 o)

sy S Jsb L oy 595 2150 N alaly ol s
Sbd G by 00 Q e gl P sl 2 gz 0
Hogls pox amly o2 P oonban (225 0 (1S
b3 Om oy 5 000 2 Cpy e alugy ol
o=l o eolaiwl 050 (S s By bawgie
9 09— Sliwly b )y j SewdVl (5 gl O oo
il ge gog0e sliwly b 2y sl 5 sl P
3 oolaiwl sl a4 Badzd ol o a8 cewl S p3Y)
Sl ogme Gl Ly o)y CwdVl 6 aygly o ls
O)le losliul sler a5 cwaVl (5 4l o )le
Oyl 5l s0gae (SLiwl) b oy e Cews Gl (5 45

(09 oolaiul s ol (6 wl;
Goadilo b pdlas 5l pol> guao jo aS ol 4 azgi b
Lwgte ,ha8 L5 ol pliy o solitl oSy Lo i
5 el 483 118 a5 090 ol Judow yo Alas
g b =) 50 i Slalllas 4 a g5 L sl



3T ol dasl i 33 (oS58 IS i G2 o (ot 05k YA

STW-UR-i

STW-DR-_
%b)i 30 oaooliiwl piyLdghi sladige - JCi

)

e T ST ® ' 7
TW-UDR 2 - TW-UR2-o TW-UR 1-a1
= B o =+ - o

TW-UDR 4-- TW-UDR 3¢ TW-DR 2-=
Lo Lo 3T 55 ounisodlicim! (Soww yg7 (Lrdiges —Y IS




va

WAD ol [ ot Jw [ ©F @olin cwiigeo (galxo

Bz ] 50 oolaiwld yg0 Hl0 il G 1w (5 lais] ol g Wlasin - Jeus

Jéi a P &ybass! ol 310 s 1w diged o @9,
.0 §.0 yvvem  TW-UR-1 VooVl s b (S5 5 oo )
.0 £4° yvvem  TW-UR-2 LRI PRV, PR SOV TR v
&.0 .© vscm  TW-DR-1 V Cewdml ot b (S8 3y e v
£4° .0 yvvem  TW-DR-2 v ciis ol cud b (S )95 3oy pm ¥
§.0 $.0 vvem  TW-UDR-1 ) 55 ot b (S8 0,5 o
£4° £0° vvem  TW-UDR-2 v 55 ol (Siuys 5, 4
£4° $.0 vvem  TW-UDR-3 v 55 il (Sauys 5, v
§.0 £0° vvem  TW-UDR-4 f .55 oa b (S8 o, A
.0 £4° yscm SN AV PR W EC YV T A
£4° .0 yvscm  STW-DR sl cad b pdbdeds ) Ve
£4° £4° yscm  STW-UDR oS 5o b pdldeds )

5 plosl Giolo;l FFO g5 oamme ,0 g 00 &dly iolos]
Sl Blie Lulgy il a8 57 15 ol g a5 0550
(1) s ataly (@i ol 5o 0,00 0929 by y (5 00y
485 5,8 g 5l ()5 6 0 (6 Aule Lo

]

Q:§Cd81/29H1'5 )

b el IS ST H g o abyes 2,6 B T 0 a8
H=V2g+h & json H a8 wisbe g b s LL
g 50 oy

o g s

= oo 03100 g 395 g dwikidd il (w33 (A1)
O ) 0

il oo &l pdbdeas glag e gl (O) S o
halel 8550 (5 00gaa ;0 Lo diged pl yo S5 j5kas
Ghlo wawnml g cewa¥l ol oS5 L e
Ll CawdVb ol b oy g 0l o po (o b
& o)l sS J ) S Canl 0t oy (2 S
(g sl Aiged gdad )0 0l oo plas

=) L C"L*-’

T olazst () s s oy sl 450l 53
39 sy 98 S ) CSle (gl ] oad solaul
o ¥ 58 L (38 glaalie 5l diged gzl la]
aS so¥s 8 o5 SO 5l eolaiwl b e 5 00l aizle
las 5 ool PBlas 5l 5xS>5 T sla aSiis ol
oy el sle dbges g ool wl 550 S
Se 89y 2 iy Geiod (nl joad aSle (S o8
Jlail jelaie ay e le V Cwlbes 4 (31 axin
O g b anl i S A eah sl glo Joe
las o eols ), 8 iole;l sl Lysl (5 00l
)5 S e oy e 50 ool 550 (S
s 5 ey Loy b | Giliine (s ojhl # ol
Jods U ie Lo YAY B VIY (5 00gamme jo adigS
U e o VIV lawgin ,lad b mllas gl p sy OV
hvgie ,hd L mdlas gl a0 FY og0 oo
= (F) UKo 50 pmizman 0l oo e oo YV/Y
i y55 sl dgad jo colaiwl 5 g0 plas (gansalls
Gloomne ;3 a5 jo b ylen .l oucd soly ioled
o=l o eadoslii il Alas weul s in ganails
SIS e sl YVIY 05l (655 50 52 3l
@ lize slo digad il oo C 1S Lo ,a ganalls

)90 4l d Ve BY (n ciliSee sloony o 5o



13T by Ll 53 (Ko yg8 510 s G 3y yow (1T 0,5 hos

100 7 7
n' / ! //
(] 1
/
80 — ; X
1 L
- /
I ! /
60 o ; /
o " ; /
= i—tf-: i //
x40 - : e 1 (d50=7.2 mm)
1 ! / ===--11(d50=11.3 mm)
12 ; /' —..— 1 (d50=14.3 mm)
20 ' ! : IV (d50=17.5 mm)
—y N 2SS V (d50=22.0 mm)
P : — — - VI(d50=31.3 mm)
o = T
5 15 5 35 45
d (mm)

G ] 50 eolaiwl 0590 pdlan (o gusadils Hloges —F b

0.8
0.6 o u""
,04 |
S
Cd=0.22In{h/Lw)+0.80 R*=0.96 ¢STW-UDR
0.2 Cd=0.17In(h/Lw)+ 0.65 R*=0.96 @ STW-DR
Cd =0.20In{h/Lw)+ 0.55 R?=0.98 W STW-UR
0 L 1L L 1 1L 1
1 1.2 1.4 1.6

0 0.2 0.4 0.6

h/Lw

2aU3ga sl 3 ) pw 30 NILW s b oy o 36 (5 dumny o — 0 S

Comd Sl b Saw)e sbodiges ;0 oy oy
L e 0050 ol (ool #, L ol o h/L,,
S o Sl Sepl @ azg b by> g oo (RIS
Ol e Bl sy Gl g 38, b

30 g BBl ol gyaS FR L ol cupe il oo
Dl so Su35 b 4 alie gaiails b las

9§ Sl stV ol ok S ) Sz
) b @bl 0y cupd p Cewdmly 5 CewdVl oS S
LSl ol o il oads oole isles (V) IS slologad
A Cuad 0038 5 ales (Cp) (5 0 oy Sl s

layloges il ol eols oles (F) S slo,loged
Soad aulrs (Cp) oty oo Slpess (F) U5
5 )5 slaaigas o MLy s L1, (F) (s alal,
“dged g il (K wlas bawgie (5 o3lul) dg o
2 a8 asl p mls wes e plas paldsss sla
3 o)lgem oy cuyd (S sladiges (ales
Gl L g esp pdldsds gladiged 6 o cmpd
ol aliee GRIE e cupe s ol
oeals 5l il Wilgh o alocils ) Alas o o0y oo
sy (s Sy g dlas G 5l Ok 38 28
(S ok izren BL (S5 ) e 090 Ol



M WWAD lewsl [ ot Jlw | 0! b wrigeo (saloxo
< QLAM) @Lu &l oalls sols L)L‘"‘“" ul—AMSJ dSO o9 s él.w)ﬁ.' 6L® gos yO h/LW
3
3 AdS0=7.2mm
A d50=7.2 mm Pl o M d50=11.3 mm
- & o Wd50-11.3 mm ’ ©d50-14.3 mm
; [ e ©d50=14.3 mm m e A d50=17.5mm
TW-UR 2 A d50=17.5 mm 2 O1d50=22.0 mm
2 i Dd50=22.0 mm ¢ # 450313 mm
* ©d50=31.3 mm q°*
O o 3 1.5 ] -
= 15 6 Oe = OI; 0,
) M teay g : i e an
1 a7 R el o, ¢ o ZERWR ,
A% 4
0.5
0.5 [=1)]
(=) 0
0 0.1 0.2 03 04 0.5
01 02 03 04 05 0.6 07 08 h/Lw
h/Lw
] 3
A Ad50=7.2 mm 4d50=7.2mm
Wd50=11.3 mm W d50=11.3 mm
25 . 25 & d50=14.3
©d50=14.3 mm = 3 mm
A <>. a TW-DR 2 A d50=17.5 mm * A d50=17.5 mm
2 * Od50=22.0 mm 2 a 0d50=22.0 mm
al . #d50=31.3 mm o. @ d50=31.3 mm
A A ®
3 15 g m] o
3 Ap e Do 3 15 a DA’
A -
o of a o O,¢
1 A . o A 0 g*
ta 1 @, a, “Agfagﬁfu
0.5 0.5
() (
0 5 =
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.1 0.2 03 0.4 0.5
h/Lw h/Lw
3 3
Ad50=7.2 mm
™1 Ad50=7.2 mm ~
L Wd50=11.3 mm Wd50=11.3 mm
3 £ d50=14.3 %5 — ©d50=14.3 mm
i TW-UDR 1 i
@ * A d50=17.5 mm A d50=17.5 mm
- & Od50=22.0 mm 2 0Od50=22.0 mm
o & d50=31.3mm % & € d50=313mm
o
3 15 .- s, 3 15 o,
<>l | A !1‘ 2 . = % E“: O*
1 = 2 om mto N 1 - e
o hog oy a8 o e o
Q.5 0.5
[fal} ta)
[ 0
0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.05 0.1 0.15 0.2 0.25
h/Lw h/Lw
3 3
£Ad50=7.2 mm A d50=7.2 mm
- Wd50=11.3 mm 5 Y Wd50=113 mm
5 5
©d50=14.3 mm & d50=14.3 mm
TW-UDR 4 Ad50-17.5 mm - TW-UDR 3 Ad50=175 mm
2 0d50=22.0 mm 2 . 0d50=220mm
#d50=313mm E 5 #d50=31.3 mm
.
3 15 Q 3 15 o
A o * .
u * [ ] A
. o *
1 Eki O, of & e 1 a W a0 0O, e
A D] oo gt
o *m Dl a"y‘ga a A, AEI A,
0.5 05
(&) ()
0 0
0 005 01 015 02 0.25 03 035 0.05 0.1 0.15 0.2 0.25 03

h/Lw

h/Lw

cswiid iliseo o diges 1o NTLW cond b ous oy pd il i =8 S



31 by balpl 53 (S yei HI0 i sy (2 0 Sos AY
3 3
& ATW-URL ATW-URT
* ATW-URZ A ATW-UR2
2.5 OTW-DR 1 25 OTW-DR1
& Dso=11.3 mm Ll o @ TW-DR 2
BN * : OTW-UDR 1 ® OTW-UDR1
2 @ TW-UDR 2 2| ,* # TW-UDR 2
BTW-UDR3 [ ] WTW-UDR 3
o © TW-UDR 4 N ©TW-UDR 4
315 . 4 » . 315 3
oo O a2 a a2
¢ 4 e o . 4 * e
1 m] * @ IR N 1 L] o e
Emm.&gom@ Ao °®%§5@.§i¢ooa 200 o .
0.5 0.5
(<) (1)
0 0
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
h/Lw h/lw
3 3
o
[ ATWURL ATW-URT
He ATW-UR2 ] ATW-URZ
25 A OTW-DR1 2.5 & OTW-DR1
Ds0=17.5 mm ®TW-DR 2 . ® Dso=14.3 mm ®TW-OR2
5 OTW-UBR 1 5 OTW-UDR 1
a ® TW-UDR 2 R @TW-UDR 2
If ® MTW-UDR 3 o WTW-UDR3
315 .O 'y .5 ©TW-UDR4 515 o+ Lo N O TW-UDR4
A e ®
%.ﬁ% &, Oo‘q‘;m I . DE.O:Q‘ . . .
1 *+ Qo 1 O & L
Bl gt S0 Oz, el onchoo
0.5 0.5
(&) ()
0 0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0 01 0.2 0.3 0.4 0.5 0.6 0.7
h/Lw h/Lw
3 3 3
A TW-UR 1 ATW-UR1
% ATW-UR 2 * ATW-URZ
e . el e ’ o i
5 Ds0=31.3 mm @TW-DR2 o Ds0=22.0 mm ®TW-DR2
o 4 OTW-UDR 1 OTW-UDR 1
2 u b @ TW-UDR 2 2 o] - #TW-UDR 2
o & WTW-UDR3 Iy WTW-UDR3
o oA = & TW-UDR 4 4 A
L5 P 3 1.5 oL LN é STW-UDR4
D-. .o‘Ap‘ 5w e 2 ‘OAOA a e, °s
O¢ A +
i A
1 O %9 *«Qtoag 1 '!Efmﬂ !; 9‘(3‘.%‘0
0.5 0.5
(&) (&)
o 0
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 03 04 0.5 0.6 0.7
h/Lw h/Lw

2dlae clizo gladojludl oh/LWMboww 5 Ol gty =Y W
S p) J »e P rad

30 0% oo (6 dmslio bcpizman il 0 Oial38l oy
TW- 5TW-UDR 2.TW-UDR 3¢ Aol A

";AA_?)ofuﬁ\ca 5o mew¢Yb6¢5|)

-oml 6 asly ke ol b as g 0 oddlive il

0l w)_.o va..a@w»}lbg:u?\) MU}WQ

)o 9 0 J—Q—AM-AJ ul_>).‘> ).:\_? o Jﬁ.’a swéu.ul.a

b GRlS ) 5l (6505 Ly A

TW-DR 23TW-UR2 (5 asses 90 45 aao
TW-UDR 4 5 aiges 5 s s (bt sl

wﬂdwmbwb@oww]@ uJJ.o.oSLg‘)L)
, TW-UDR 2. TW-UDR 4 ¢ gas 4w s o
FOL ol p cewoVb s angly slyls a5 TW-UR 2
yao g YO Fo A Cwoyml 6 agly g a0
aely aile ol b aS 098 o cdwlive wailily o a0



AY

WAD (Lol [ o Jw [ ©T @olio cwiigeo (galxo

9> = s las 5 o3l i ST sy Ca
S dges g0y ‘.’]GE—“’tj—"-.‘?(\')JSJ’P Ry
2l ¥ ol STU-UDRy TW-UDR 2
Sl oo ools igled alizes sasuaile b adlas 5 4l
a by (=l Gyt 45 o LS
Lyryo 2l Sl 2S5 Zaihes VIV (s ojlail L el
Else s ablse e des VAT (g o3l b llas 4,
e 83y ol o cdlime s o a3 Ly s
gl Ero (5 dmlio b (izmen S (0 by oS
3o 9 = e TW-UDR 2 6 a5gei g5 50 O
(S ol (99l oy ) i p3gLSeAS
S 895 0z b (K)g 2y 59, Oz Susle
549) 31 Ol 5l (85 oz el Sglite pALSeA

WS (0 9 e 09 3] (SASu
g by (ot ol s Bl (o) S
oy S5y sl )b Sedimly 5 etV S
Al oads ools ioled (V) S sle logad oy b gl
maiged dan o |y ol s £res (1)) U5 slalogas
VA 5 VY slaojac! L pllas sl Simsf cslo
s oo haled @il I Ve (6o 3 g e e
TW-DR 25 TW-UR 2 ;¢ 459 90 JSi sllas
shls TW-UDR-1 s 5305 g ool Jb oS sl yls
Sl s F o (5 anmlio b il o 0 )b s
s TW-UDR 2.TW-UDR 45 asgeiaw ;o
0 L ol cassWl (s 4msgl; (slls a5 TW-UR 2
Ao g YO Fr sy 4 cwoiml 6 slys o
angly oaile ol b aS 098 o omlie il oo a0
S35 =l Jb Sl 6 ausly Gl g cewsVl
Eros & dmmlio by izman ol oo GRlB1 o) e
TW-UDR TW-UDR 3 s 6505 aw ,o ol mlaw
L olp cansppmb s asgly lylo a5 TW-DR 2,42
o g YO & i 4 cndVl g agl; g a0 FO
angly oaile ol b aS 098 o odmlie il oo a0
695 =1 Hb «awdVb (5 gl Gl g cavsiml

Db oo il 5 e

O o 30 (i (S4B 5 T 5! ()

shie 4y 4 S O g0 golal Jolod 4y az i b aslol o
gl fe ame gl bl S o)
6 ) SO s Al g en oy jlade (5, pewd S
hF e sibly 5l polie ol it sl 2L,
e )6 (@) Laly, «oles 5o 5 Cansl o0 ssliul
gty chaly) cnl jo s )S glgel sasie Sllles
O3 gl y® 4 S bl )0 ony o po o5 4 g8
aboly J5 JS5 5 @258 15 sy 0590 DLW s,
50 b YL (Siwwen Gyl Ll sl )
09 Slemil 2 503 Sl (ol alal, cnl ol o caslsl
o (@) s alaly) cwl oad e Sl an
S e @il B 4 Cons ol alally cul el Gl po
Conl (K yg 0aiiS jy pllas o5l Byae a5 AMVP
Sly daly Coles jo (V) ¢ adal)) oal (o atws
@ ahal) oud oS 5w S)b g alie Sloed
ldiges 6l () b (@) M) IS8 @las 5 ((A)
G Ly, ol o 00,8 zlhsel o eyl aliz
iib o plg ol W s ' C P

Cd — e(a0+al/(h/LW)) o)
a,=f(d,/Pap) .
8, =g(d,/P.a,p5) @
aO:bO_bl(dm/P) V
8, = ¢, +c,(d, / P) “
h=da.p) _ [6=T(@h) "
h=¢@p) o la=Wap

L oao )5 aule (g oum o polie 4 IS 0
Jlacie 5 (88l j5 e ) pEisle;] slo ool 5l salarul
(L3 ,520) O (5 atal) 5l ool arulre (5 00 oo
) FO s &y s bl SaiST, o dawy i
5 2B iolej] polie Kiad 45 om0 ol
50 50,0 AV (g Ll sleds; 5l oalial b (luslome

R Y K R R I o =W

P 89y T Jb O ki vy 9 (T)



13T By Ll 53 (Ko yg8 510 s G 3y yow 1T 0 ,Shos

AY

14

W Up=30 deg, Down= [ deg
11 @ Up=45 deg, Down= deg b1=061 (B/n) +0.75
08 A Up=0 deg, Down= B deg """F__'—‘

b1

05 ,,,,, . b1=-1.02(p/n) + 0.68
02 r hi=-2.64 (B/m) +0.82 * )
01l 0.1 0.2 03 | 0la
0.4 B/m(Rad)
0.4
0.3 L\Cl:-l.38 (B/m) +0.66

= 0.2 C1=-0.37(B/m) +0.31

@] .

B Up=30deg, Down=p deg

01 @ Up= 45 deg, Down=p deg
A Up=0 deg, Down=p deg ()
0 1 1 1
0 0.1 0.2 0.3
B/m(Rad)

0.4

bo

0.6
05 | b0 = 1.50 (B/m) - 0.03
b0 = -0.29 (B/n) + 0.44 A
0.4 .e
o3 L b0 =0.07(B/m) + 0.35
0.2 F [OUp=30 deg, Down=p deg
OUp=45 deg, Down=p deg
01
A Up=0deg, Down=p deg (1)
0 L 1 1
0 0.1 0.2 0.3 0.4
B/r(Rad)
0.2
L OUp= 30 deg, Down=p deg
oy QUp= 45 deg, Down= p deg A Co= 0.57(8/n) +0.40
'\-_\AUp:Odeg,Down:Bdeg \\
U~ A
‘. \\
0.1 f e C0=-0.45 (B/m) +0.16 \
U~ AN
L
C0=-0.16 (B/m) +0.07
@
0.0 L 1 L
0 0.1 0.2 0.3 0.4
B/m(Rad)

il o 3 ol Cal (sl o V (g dlatly ol ol b Sl ek A S

25

1.5

Predicted (Cd)

0.5

K Up= 30 deg, Down= P deg
+ Up= 45 deg, Down= B deg
% Up= 0 deg, Down= [ deg

1.5

2 2.5 3

Measured (Cd)
(B) s Al l ol dwlxo g (5 S o3Il (5 0 al pd (5 Ao - S5



AD

1WA bewsl [ s JLw / uT &b (waigeo salxo

25 o960 ; o e TW-UDR 2

% s
3 20
. 15 ——d50=7.2mm
3 —8—d50=11.3 mm
3, 10 —A—d50=14.3 mm
:‘1 —%—d50=17.5 mm
~ 5 —%—d50=22 mm

——d50=31.3 mm

—+—STW-UDR

0
0 20 40 60 80 100 120

(50 $55lw) CowdL phaiis 31 alol
STU-UDR g cilizko guisails s gl ;0 TW-UDR 2 (5 aigod 35 50 ol gk ¢ youi o JScid

5 R RN RN Ds,=11.3 mm

15
—4— TW-UR1
—— TW-UR2
10 —A— TW-DR1
—>%— TW-DR 2
—%— TW-UDR 1
5 —&— TW-UDR2
—+— TW-UDR 3
0 —=— TW-UDR 4 ()
0 20 40 60 80 100 120
(Fo olw) CowdYls alais 31 alold
30

D5p=31.3 mm

-%\j 20
_3) 15 || —e— Tw-UR1
L —— TW-UR2
) —&— TW-DR1
3 10 [| =< TwDR2
4 —%— TW-UDR 1
4, 5 || e Tw-upr2
= —— TW-UDR 3
——— TW-UDR 4 (=)
0
0 20 40 60 80 100 120

(o il) Cand¥l adaio 3 alold
o oo YV () 9 WY (&) 6o 0310l b adlao (ol (S g7 (srdiged dod 4o ol oo o8 1) SO



13T by Ll 53 (Ko yg5 510 s G 3y yow 1T 0 ,Shos

Y4

5) Hager, W. H., and Schwalt, M. 1994.
Broad-crested weir. J. Irri@prain. Eng.,
120: 13-26.

6) Kells, J. A. 1993. Spatially varied flow

over rock fill embankments. Can. J. Civ.

Eng. 20: 820-827.

7) Kells, J. A. 1994. Reply on discussion of

spatially varied flow overock fill

S Ao

Uges L (K98 slo digad (5 aunglan jo .cl ouds

‘51._“)9; LSLQ 4)9.4;4 &S o w)..o Wl )J..\Jl.‘bﬁ.(u 6Lb

) Sl )a..\_alaéssb 4)9.04 & o w].o )‘ fw o)‘}o.m

embankments.Can. J. Civ. Eng. 21: 163—

166.

8) Lux, F., and Hinchliff, D.L. 1985. Design
and Construction of Labyrinth Spillways
.15" ICOLD. Conference, Lausanne.

9) Leu, J. M., Chan, H. C., and Chu, M. S.

2008. Comparison of turbulefibw over

ok yo plas s ojlail ol b (Ko je5 sl diges
ol e 2alS LW s 201531 L g il 2ol
0l oy pdlideds ladiged o a5 il b o oyl
o=l b ol (—iul5él sy, LW cos aol331 L

5 Sl (6 Agly Ll L aS aies o ylid udos

solid and porous structures mounted on the

bottom of a rectangular channel. Flow

Meas. Instrum., 19:1—7.

10) Li, B., and Garga, V. K. 1998.
Theoretical solution for seepage flow in
overtopped rock fill. J. Hydraul. Eng. 124:
213-217.

11) Michioku, K., Maeno, S., Furusawa, T.,
and Haneda, M. 2005. Discharpeough a

permeable rubble mound weir. J. Hydr.

Eng. 131: 1-10.

12) Michioku, K., Takehara, K., and Etoh,
T. 2007. An experimental study flow
field in and around rubble mound river
structures. Hydr. Eng. 25: 37-45.

13) Mohamed, H.1201Q Flow over gabion

weirs. J. Irrig. Drain. Eng. 136: 573-577.

14) Sargison, J. E., and Percy, A.
2009.Hydraulics of broad-crested weirs
with varying side slopes. J. Irrig. Drain.,
135:115-118.

s eolS oty oy e Ll b g e eVl
50 00 ol o e (6 00 il 8l b iz b
o2 do dall (6 diges > g it (5 o3l b pdlas
Lol ol ol gl & a2 gl g0 S35
g a8l JalS 55w 59, 2 b las 5 ojlail sl
3 S (S y55 jaype S95 2 Lk oSy 5 o sl
“Oml 5 StV (g angly bl ol 3308 5 ) e
WA 3y e i S8l el g0 gliwly by e G
G @l pedle b (oo Gl e 595 2l g
L slataly  das f (g3blg 5l eolanl b gudow ol o
U S ERUTINCIRN (ORI E LV ESR W L IS CONION S
w‘ ol 4.:“)‘ =&~w/' )y)‘bwn).t)).w

&bw

SVl SlSe AYAY Lo woly Jaolel o cied ()

Sleal lrez daged o8NS (Jol Slr S0

2) Ansar, M., and Gonzalez-Castro, J. A.
2003. Submerged weir flow ptototype
gated spillways. Proc., World Water
Congress, ASCE, Reston,Va.

3) Chanson, H. 2006. Discussion of discharge
through a permeable rubble mound weir. J.
Hydraulic. Eng. 132:432—-434.

4) Gogls, M., Defne, Z., and Ozkandemir, V.
2006. Broad-crested weivdgth rectangular

compound cross sections. J. Irrig. Drain.,
132:272-280.



